INTRODUCTION
and diversity . The expansion of cultivated areas has been increased nutrient leaching from the soil and run off from the rangelands. This has the potential of reducing the nutrient content and nutritive value of herbaceous plants, an aspect that has implications on livestock production and livelihood of pastoralists.
The Borana rangelands in southern Ethiopia are used for communal grazing and extensive livestock production system with natural grazing as the main feed base. The Borana pastoralists have been practicing transhumance to counter seasonal fluctuations in forage and water resources. A recent study (Angassa and Oba, 2010) has highlighted shifts in species composition and declines in dry matter production of herbaceous plants. These ecological changes would also imply changes in the nutritive value of the rangeland plants. The factors that have been reported to affect the nutrient value of herbaceous plants are seasonal variability (Snyman, 1998) , species variation (Arzani et al., 2008) , soil nutrient status of production location (Tessema et al., 2011) , grazing pressure (Henkin et al., 2011) and management aspects (van der Westhuizen et al., 2005) . In the semi-arid Borana, this translates into exacerbated seasonal shortages and low nutritive value of the available forage (Alemayehu, 2006) further hindering growth and sustainable livestock production.
A recent literature (Ganskopp and Bohnert, 2001 ) has shown that knowledge of the nutritional dynamics of rangeland forage species is important to sustain satisfactory growth and reproduction of livestock without deterioration of rangeland. Such awareness further assists in planning for proper utilization and to envisage nutrient deficiencies, a basis for suggesting supplemental requirements for animals (Arzani et al., 2006) . While formal ecological assessments and interpretations are fine there is usually a gap between the traditional and formal interpretations of changes occurring in the field. The Borana pastoralists have been known to exist since before the thirteenth century (Oba and Kotile, 2001) and have adapted to the local situation and manage their land in such a way as to be able to survive and develop there without destroying it. Their traditional strategies for rangeland management have been reported to be superior to the approaches used by modern ecologists. The LEBHP evaluation that allows for this evolves through adaptive processes and is handed down through generations by cultural transmission (Beever et al., 2000) . In terms of access to forage, pastoralists would have significant insights into the shortage of forage resources as a result of rainfall variability, rangeland shrinkage and degradation, and the changes in the quality of common forage species.
This study was conducted as part of a larger project on the ecological changes in the Borana rangelands in southern Ethiopia. For this component, pastoralists' experiences and perceptions of forage species and changes in quality were mirrored against laboratory based assessments. The objectives of the study were to: i) determine the nutritive value of the common indigenous grass species in Borana using both LEBHP perceptions and laboratory analysis, and ii) evaluate seasonal and spatial variability of the nutritive value of the common grass species.
MATERIAL AND METHODS

Study sites
The study was conducted in Oromia Regional State of Ethiopia, Borana Zone between March and August 2010. The region is dominated by arid and semi-arid climate that is characterized by high temperature and bimodal type of rainfall. The mean annual rainfall is about 500 mm (Angassa and Oba, 2007) , while the mean annual temperature varies from 19°C to 24°C with little seasonal variation based on elevation (Coppock, 1994) . The average plant growing days vary from 100 to 140 in the west and north of the study areas, respectively. This corresponds to 1.5 to 2.0 ton DM/ha/year of herbaceous forage production. The Borana rangelands have perennial herbaceous cover that is interrupted in place by woody vegetation that is dominated by Acacia and Commiphora species (Coppock, 1994) . The soils of the rangelands were derived from sedimentary and volcanic materials and the soil texture ranges from sandy, silt to clay (Gemedo-Dalle et al., 2006) .
Sampling procedure
Five communal grazing areas and two ranches were selected following discussions with district experts and knowledgeable community representatives. The communal grazing areas selected for sample collection included: Surupha, Did-Hara, Mana-Soda, Medhacho and Bokkulboma. The two ranches were Did-Tuyura, a government ranch located 17 km northeast of Yabello town and operated under the Oromia Pastoral Area Development Commission; and Dambala-Wachu ranch which is located about 55 km south of Yabello town and is a cooperative ranch managed by the community. The selected study areas represented different histories of land use and grazing intensities. Two communal grazing areas (Surupha, DidHara) and one of the ranches (Did-Tuyura) are located in the former wet season grazing areas and upper semi-arid zone (Coppock, 1994) . Mana-Soda, Medhacho and Bokkulboma and Dambala-Wachu ranch were located in the former dry season grazing areas, which are also classified as the lower semi-arid zone. Wet season grazing areas refers to those portions of rangelands utilized only during the rainy season due to lack of surface water, while dry season grazing areas are rangelands associated with permanent deep-well water points. Generally, the concepts of wet and dry season grazing areas have been abandoned due to the expansion of sedentarization and crop cultivation in the rangelands. Land-use management and the slope of these sites were also taken into consideration to select comparable grazing areas for the purpose of this study. After establishing a 10 km transects at each site, 10 main plots (20 m50 m) were marked at 1 km intervals. These were used for sampling the herbaceous species.
The common grass species were selected and sampled based on the relative abundances and pastoralists' experiences of preferences on each grass species. The samples were collected in two seasons viz: during the main rain season (March to May, 2010) and cold dry season (July to August, 2010) . At the time of vegetation sampling, five quadrats of 0.5 m0.5 m were randomly placed within the previously marked main plots and used for grass species collection. Common grass species found within the 0.5 m 0.5 m sampling quadrat were identified with the participation of pastoralists and hand clipped using a sickle at ground level, weighed and oven dried at 105C for 48 h. The dried samples were ground to pass through a 1 mm screen at Debere-Zeit, Ethiopian Agricultural Research Center Laboratory. All samples were kept in airtight containers before chemical analysis. Soil samples were also collected from each main plot along the established transects using an auger up to a depth of 30 cm (0 to 30 cm). The soil samples were air dried and kept in plastic bags for laboratory analysis.
Perception analysis
Data for analysis of perceptions of pastoralists was collected at the same time during sample collection on herbaceous plants. Seven community level group discussions were held at a village level in each study site (Mana-Soda, Did-Tuyura, Medhacho, Bokulboma, DidHara, Surupha, and Dambala-Wachu) to select key local informants. Selection was based on the individual's indigenous knowledge and ability to feedback the issues and experiences during the exercise to the parent group. Pastoral communities from each study site selected 10 respondents, giving a total of 70 respondents across the seven locations, for the identification and ranking of species based on their preferences by livestock. Then, the selected respondents participated in the ranking of the same common grass species used for laboratory analysis. Species preference ranking was according to LEBHP and importance for a particular livestock type. Individual interviews were followed by group discussions with respondents' groups at each study location. A semistructured questionnaire was administered to elderly community leaders and three agricultural extension agents at each study site. The cumulative match of respondents' perception of prioritizing a particular species across the study sites was divided by the total number of respondents (i.e. 70) and multiplied by 100 to obtain the percentage value for that particular species. Then, all the species were ranked in descending order based on their percentage value in relation to other species under investigation. The perception value of individual species was then correlated with the results of the chemical composition of that particular species using Spearman's rank correlation (Fowler and Cohen, 1996) .
Grass chemical analysis
The ash and nitrogen contents of individual grass species were analyzed using the standard procedures of AOAC (1990) . Nitrogen content was determined by the micro-Kjeldahl method, while crude protein (CP) was calculated by multiplying the nitrogen content with a factor of 6.25. Acid detergent fiber (ADF), neutral detergent fiber (NDF) and acid detergent lignin (ADL) in the forage samples were determined using the method of Van Soest et al. (1990) . The relative feed value (RFV) was calculated according to Stallings (2005) using the following procedure: RFV = (Dry matter digestibility (DMD) Dry matter intake (DMI))/1.29
Where 1.29 = the expected digestible dry matter intake as % of body weight; DMD = 83.58-0.824ADF%+2.626 N% after Oddy et al. (1983) ; DMI = 120/% NDF.
Soil sample analysis
Soil texture was analyzed using the hydrometer method (Gee and Bauder, 1986) , while soil pH was read in a 1:2.5 soil-water suspension using a pH meter (McLean, 1982) . Organic carbon was analyzed by oxidation with potassium dichromate (K 2 Cr 2 O 7 ) in a sulfuric acid medium, whereas, organic matter content was calculated by multiplying the value of organic carbon reading with a constant (K = 1.724). Total nitrogen was estimated by the Kjeldahl method (AOAC, 1991) and available phosphorus by the Bray method for soil samples with pH >7 and the Olsen procedure for samples with pH <7 (Olsen and Sommers, 1982) . Cation exchange capacity (CEC) was measured after ammonium acetate (1 N NH 4 OAC) extraction (Van Reeuwijk, 1995) .
Statistical analysis
Descriptive statistics was used in summarizing and describing the survey data. We used season, species type and site differences as categorical predictor variables. Grass species nutritive values and soil parameters were considered as numerical response variables. The experimental design was completely randomized and analyzed as a three factor experiment (season, site and species). Data were subjected to analysis of variance using SAS version 9.2 (SAS institute, 2001). Correlation of dependent and independent variables were performed using SPSS version 17. Statistical significance was reported at p<0.05.
RESULTS
Variation in nutritive value of the grass species
The relative frequencies of the collected grass species across all sites are presented in Figure 1 . Chrysopogon aucheri, Cenchrus ciliaris and Eragrotis papposa had high frequencies of >50%. Six other species were of intermediate frequency (20-25%), while the rest six grass species had frequencies below 20%. Overall, season, site and species type and their two and three-way interactions were significant (P<0.01) in terms of ash, CP, NDF and ADF contents. The results on chemical constituents are presented by site for each season in Table 1 to 4.
There was some variation in crude protein content of the herbaceous species at Did-Tuyura, Dambala-Wachu and Surupha but this did not vary within site for the remaining sites (Table 1) . Those species which showed relatively low CP content at Did-Tuyura site included: E. papposa, C. aucheri and Themeda triandra. Similarly, the CP recorded for Heteropogon contortus at Dambala-Wachu site was significantly (p<0.05) lower as compared to the CP of other grass species. Across sites and at species level only C. ciliaris, D. milanjiana, E. papposa and H. contortus showed a significant (p<0.05) variation in terms of CP (Table 1) . Overall, the highest CP content was recorded in Bokkulboma as compared to the other sites. This was followed by values recorded for CP contents of samples from Did-Hara, Did-Tuyura, Mana-Soda, Surupha and Medhacho. We recorded a significantly (p<0.05) lowest average CP content at Dambala-Wachu. Within site, the ash content of grass species in the main rain season was significantly (p<0.05) varied among the grass species at Mana-Soda, Bokkulboma, Did-Hara, Surupha, DambalaWachu and Did-Tuyura. The grass species collected from Medhacho did not show variation in terms of ash content (Table 2) . Across sites, the majority of the grass species exhibited significant (p<0.05) differences in their ash content. Themeda triandra, P. maximum and E. intermedia did not show any variation in terms of their ash content across the different sites. On average, the ash content Means in a column followed by different lower case letters (ab--etc) and upper case letters in a row (AB--etc) are significantly different (p<0.05). recorded at Did-Hara was the highest (16.7%), while the lowest ash contents were recorded at Surupha (12.8%) and Did-Tuyura (12.5%). Generally, the NDF content during the main rain season for the sampled herbaceous species was high >70% (Table  3 ). There was a significant variation between sites in terms of NDF with the highest value at Did-Tuyura (76.8%), while the lowest values were recorded at Medhacho (71.7) and Bokkulboma (71%). Within site, the NDF content was generally significant among the different grass species with the exception of Mana-Soda site. The ranking of individual grass species within sites was also greatly differed. There were a few species that had NDF values below 70%. The average ADF content across the study sites was 46.5% and there was significant (p<0.05) site and within site variation in ADF content of samples (Table 4) . Nevertheless, herbaceous species such as C. aucheri, T. triandra, D. aegyptium, S. verticillata and P. mezianum did not demonstrate variation across sites. At Medhacho, the ADF content showed no significant variation among species type. There were significant (p<0.05) differences in terms of RFV among the grass species except at Mana-Soda (Table 5 ). Only C. aucheri, P. maximum, D. aegyptium and S. verticillata did not show significant (p>0.05) differences in terms of the RFV of common grasses across the study sites.
Ranking of species by pastoralists compared to chemical analysis
The ranking of the common grass species by Borana pastoralists is presented in Table 6 . Cenchrus ciliaris, C. aucheri, D. milanjiana, E. papposa and P. maximum were ranked as the top five grass species in the region. Digitaria naghellensis, C. dactylon, D. aegyptium, S. verticillata, P. mezianum and A. adoensis were perceived as species of low preference and palatability. The remaining grass species were considered as moderately valuable/palatable species ( Table 6 ).
The correlation coefficients between the perception ranking and the chemical constituents of the common grass species are presented in Table 7 . The ranking of individual grass species for CP and ash content based on our respondents' perceptions was positively correlated with the laboratory-based analysis of the same species both in the main rain and cold dry seasons. The structural constituents of NDF and ADF were negatively correlated with perception-based respondents' ranking in both seasons. Generally, the laboratory-based analysis confirmed pastoralists' experience and knowledge of forage quality and species preferences by a particular class of livestock. It seems that integration of these two sources of information can complement each other in future development endeavors.
Seasonal effect on the nutritive value of herbaceous species
Annual rainfalls variability on the study sites are presented in Figure 2 . Based on the nearest weather station at Yabello, Did-Tuyura, Did-Hara and Surupha had a better rainfall than the other study sites. Accordingly, Moyale is the nearest weather station for Bokkulboma, which had a better rainfall than Mega station (Dambala-Wachu, Medhacho and Mana-Soda). The mean monthly rainfall ranged from 8 to 150 mm at Yabello area, 6.7 to 128.2 mm at Mega area, 5.3 to 144.6 mm for Bokkulboma. The Notes: Rank by respondents 1-5 = best, 6-10 = moderate, 11-15 = worst. rainfall peaks are illustrating the bimodal nature of rainfall in the Borana. The main rain season was between March and May with the peak in April, and the short rain season was between September and November with the peak in October. Figure 3 presents the seasonal fluctuation of the quality of the common grass species in the study sites. There was a general decline in CP content from the main rain season towards the cold dry season. Generally, the highest CP content was recorded at Bokkulboma during the main rain season. The structural constituents (i.e., NDF, ADF) of the common grass species showed a slight increase during the cool dry season. The highest value for NDF was recorded during the cold dry season at Did-Tuyura and Mana-Soda. The lowest NDF value was recorded at Bokkulboma in both seasons. The ADF and ash contents of the herbaceous species did not show significant (p>0.05) differences between the two seasons.
Physical and chemical properties of soil
The textural and chemical properties of soils from the Borana rangelands were significantly different (p<0.05) across the various sites (Table 8) . Surupha soils had the highest proportion of sand and the least was recorded at Did-Hara. The silt texture was significantly high (p<0.05) in soils at Medhacho and least at Surupha. Clay content was highest in soils from Dida-Hara and lowest at Mana-Soda area. The soils in the area were generally alkaline with a mean pH value of 7. Mana-Soda and Medhacho had the highest pH values of 8; Surupha and Did-Hara recorded the lowest with values of 5.99 and 6.30, respectively. These pH values were corroborated by the base metal levels in respective soils. In general, there were variations in the soil chemical constituents across the sites.
The correlation coefficients between the chemical constituents of the herbaceous plants and soil properties are presented in Table 9 . The CP content of the common grass species was negatively correlated with the proportion of sandy soils and Na + in the studied soils (Table 9 ). On the other hand, there was a weak positive correlation between CP, silt, clay and the rest of soil nutrients. A negative correlation between the ash content of herbaceous plants and proportion of sandy soils was also observed. The ADF content of the herbaceous plants was positively correlated with the proportion of clay in the soil. The lignin content of the plants was positively correlated with the Na + content in the study area. Furthermore, the ADL was positively correlated with the proportion of sandy soils, and negatively associated with silt and clay soils. The NDF content was negatively correlated with clay content in the soil but also positively associated with the proportion of sandy and silt soils.
DISCUSSION
Variation in nutritive value
Data presented in this study are consistent with the general observations of spatial, seasonal and species variation in terms of the quality of common grass species (Mutanga et al., 2004; Mahala et al., 2009; da Silva, 2011) . The CP content of individual grass species was declined as the stage of maturity increases from the main rain season towards the cool dry season. This is largely due to the changes associated with the advancing stage of maturity of individual species (Ammar et al., 1999; Moore and Jung, 2001) . Our results are also consistent with published data (e.g. Michiels et al, 2000; Mahala et al., 2009 ) that suggest that CP often declines with increasing plant structural constituents (NDF, ADF and lignin) and increasing age of maturity. Ludwig et al. (2004) argued that differences in the quality of forage species are usually attributed to the type of species present, phenology of a species and the aboveground biomass. In the present study, the observed differences in terms of the quality of grass species across sites could probably be explained by the variations in slope, altitude and aspect of the study sites. Similarly, previous studies (Moore and Jung, 2001; Mutanga et al., 2004) have indicated that both the effects of climatic and physical factors are responsible for the variation in the quality of forage species across sites. This is corroborated by documentation of fine-scale redistribution of sediments and nutrients through run-off and run-on under different topographical characteristics (Rietkerk et al., 2002; Ludwig et al., 2005) .
Our results indicate that the CP value for the Borana rangelands is 8.7% during the main growing season, but reduced to value of 5.1% in the dry season with an overall average value of 6.9%. This is generally within the recommended range (6 to 8%) deemed adequate for maintenance requirements of most wild and domestic herbivores (Ganskop and Bohnert, 2001; Hussain and Durrani, 2009 ), but lower than the critical limit of 10.6% proposed by Minson (1990) . Using either scale, it is clear that the common grass species could provide inadequate levels of nitrogen for a considerable part of the year.
In addition to soil nutrients, spatial variation is also mediated through variations in soil structure and texture (Mutanga et al., 2004) . Although sandy soils are dominant in the Borana region (which is in agreement with reports by Angassa et al., 2012) , we recorded a fairly wide range of soil texture across the study sites. This might have the potential of contributing to the variation in plant quality across the study sites. The recorded pH values in the present study are in agreement with those reported by Angassa et al. (2012) . The high content of sandy soils at Surupha might explain the relatively more acidic soils than the other study sites, with significant implications on plant quality. The results of our findings related to the levels of soil exchangeable bases, low N and organic matter (OM) are in agreement with previous reports (Thompson and Frederick, 1978; Abule et al., 2007) . The lowest OM values in our study were recorded at sites grazed heavily on a relative basis. It is likely that the high grazing pressure in the study sites would reduce the available biomass for the process of decomposition in the soil. Angassa et al. (2008) also noted that woody plant encroachment, which is an increasing problem in the study area, leads to low soil OM content. The low C: N ratios in the present study are consistent with the limited recyclable plant biomass in arid environments.
The data presented in this study also indicate negative correlations between CP and proportion of sandy soils and Na Gemedo-Dalle (2004) . Overall, there is a significant potential for the various biotic and abiotic processes to interact and foster variation in forage quality at both landscape and fine-scale. These interactions are represented by the variations in RFV of a species within and across the study sites.
Grass quality as perceived by pastoralists
We are providing clear indications that pastoralists are knowledgeable of grass species preferences and palatability by a particular class of livestock. However, there are indications of some disagreements among pastoral communities of different localities. This inconsistency of LEBHP perception was also noted in other studies elsewhere (Knapp and Fernendez-Gimenez, 2008; Kassam, 2009) . Given that the study sites had spatial variation in topography, land-use patterns and soil characteristics, there was bound to be heterogeneity in species composition and their relative abundances. Different communities would therefore develop LEBHP perceptions on species prevalent in their particular area.
In general, the ranking values of common grass species by our respondents was strongly correlated with chemical composition values obtained from the laboratory analysis. The correlations were positive for CP and ash, but negative for NDF, ADF and ADL. The variations in correlation coefficients between species' ranking values and their chemical composition again indicate inconsistency of the LEBHP perceptions among the different communities groups across the study sites and spatial variation in plant constituents. Overall, our data demonstrate the ranking value of LEBHP perception in the assessments of the quality of common grass species in Borana. In the past, such knowledge has largely been overlooked by researchers (Pierotti and Wildcat, 2000) . Thus, there is a potential for the integration of LEBHP evaluation and laboratory analysis to complement each other in rangeland assessments in future development endeavors.
CONCLUSIONS
The chemical constituents of herbaceous plants in the Borana rangelands showed significant site, season and species variation. Although soil texture and chemical properties influenced the quality of the grass species, advances in the stage of plant maturity and climate variability in general were critical in determining the quality of grass species in Borana. The CP content was greatly declined with advances in plant maturity and associated climatic condition. Crude protein was also negatively correlated with soil Na + content. The fiber constituents were increased markedly as the stage of plant maturity increased towards the dry season and showed a positive correlation with Na + . There were a positive and strong correlation between the LEBHP perception and laboratory based constituents of a particular species. Our results from laboratory analysis of species confirmed that grasses ranked as superior by the pastoralists also had higher CP than those species perceived as inferior. Generally, grass species categorized as low palatability had high structural fiber levels as confirmed by the laboratory analysis. Such correlations indicate the potential of these assessment methods to complement each other in future research strategies.
